Introduction
Itch is an unpleasant sensory and emotional experience associated with an actual or perceived disruption to the skin that produces a desire to scratch. Acute itch is a daily experience that can usually be abolished by briefly scratching near the area of itching. However, chronic itch can be debilitating, and local scratching often provides little relief and can instead exacerbate the problem [1, 2] . Advances in itch research have elucidated differences between itch and pain but have also blurred the distinction between them. Itch and pain appear to be independent sensations because nociceptive and pruriceptive stimuli (Glossary) each elicit unique behavioral responses [3] . Itch is also inversely related to pain because itch is reduced by nociceptive counter-stimuli (e.g. scratching) and analgesic opioids often have the adverse side-effect of producing itch [4] . Itch and pain also have much in common: itch-producing agents activate nociceptive primary afferent fibers and can generate simultaneous pruritic and nociceptive sensations [5] . Moreover, surgical lesion of the anterolateral funiculus of the spinal cord relieves chronic pain and also abolishes itch [6] ; individuals with congenital insensitivity to pain are also insensitive to itch [7] . This suggests that the neural anatomy responsible for the distinct sensation of itch is closely shared with that for pain (Figure 1) .
The histamine type-1 receptor (H1R) has been the primary target for pharmaceutical relief of pruritus [8] . However, other histamine receptors have recently been identified that could contribute to the generation of itch. In addition, novel non-histaminergic pathways for itch have recently been identified. Whereas pain and itch appear to be inextricably linked, multiple independent pathways for itch have now been established, revealing that the neural processing of itch is more diverse and complex than previously appreciated.
Several hypotheses have been proposed to describe the neural coding of itch. The specificity or 'labeled line' hypothesis posits a subset of neurons in series that respond specifically to stimuli that produce itch. This idea has gained traction but the evidence has not been critically reexamined. Other hypotheses have posited that neurons excited by pruritic stimuli also respond to noxious stimuli. In these cases, the distinct sensation of itch is postulated to emerge from a pattern [9] or frequency of action potential
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Glossary
Antidromic activation: an electrophysiological technique used to identify the location of an axon that is far from its soma. A small current is injected near the axon, generating an action potential that travels retrogradely toward the cell body. A recording electrode records the action potential as it invades the soma. This technique permits investigators to functionally characterize a neuron and determine the projection target of its axon. Axon reflex: the membrane depolarization of primary afferent terminals due to signal transduction can spread to the far-reaching branches of the peripheral axon. The spreading depolarization leads to the release of peptides and neurotransmitters within the peripheral tissues, and can have effects on blood vessels and immune cells in the skin causing neurogenic inflammation. Cowhage: the spicules covering the pod of the tropical legume Mucuna pruriens. Contained within these spicules is the proteolytic enzyme mucunain and also serotonin. These spicules produce itch and sensations of pricking and burning pain when inserted into the skin. c-Fos: a proto-oncogene belonging to the immediate-early gene family of transcription factors. Immunological identification of c-Fos protein can be used as an indicator of neural activity. Labeled-line code: the hypothesis that a specific quality of sensation (e.g. hot, cold, itch or pain) is encoded by a dedicated group of neurons that respond to and encode a single quality and signal that quality in series to the brain. Nociceptive: related to the neural mechanisms involved in the detection, encoding and transmission of noxious stimuli (from Latin nocere, to injure). Pattern/frequency code: the hypothesis that qualities of sensation are encoded by polymodal neurons that transmit information about a particular quality via the temporal pattern or frequency of discharge of action potentials. Population code: the hypothesis that qualities of sensation are encoded by multiple polymodal neurons. By virtue of being active simultaneously, subsets of these neurons are able to generate information about the specific quality of sensation. Pruriceptive: related to the neural mechanisms involved in the detection, encoding and transmission of the sensation of itch or itch behavior (from Latin prurire, to itch). Substance P and calcitonin-gene-related peptide (CGRP): these neuropeptides are released from peripheral terminals and central terminals of nociceptive neurons during ongoing signal transduction. Both play a role in neurogenic inflammation and pain. The receptor for substance P is neurokinin-1 and for CGRP is the CGRP receptor. Transient receptor potential (TRP) channels: a family of diversely functioning six-transmembrane polypeptide subunits with intracellular N-and C-termini that assemble as tetramers to form cation-permeable pores. TRP channels are involved in sensory transduction of a wide variety of stimuli and are expressed throughout the body including on sensory nerve terminals in the skin. 
